Normal state orbital diamagnetism of charged bosons quantitatively accounts for recent highresolution magnetometery results near and above the resistive critical temperature T c of superconducting cuprates. Our parameter-free descriptions of normal state diamagnetism, T c , upper critical fields and specific heat anomalies unambiguously support the 3D Bose-Einstein condensation of preformed real-space pairs with zero off-diagonal order parameter above T c at variance with phase fluctuation scenarios of cuprates.
of many discussions, particularly heated over the last 20 years after the discovery of high temperature superconductivity in cuprates [1] . The first proposal for high temperature superconductivity, made by Ogg Jr in 1946 [2] , already involved real-space pairing of individual electrons into bosonic molecules with zero total spin. This idea was further developed as a natural explanation of conventional superconductivity by Schafroth and Butler and Blatt [3] . However, with one or two exceptions, the Ogg-Schafroth picture was condemned and practically forgotten because it neither accounted quantitatively for the critical behavior of conventional (i.e. low T c ) superconductors, nor did it explain the microscopic nature of attractive forces which could overcome the Coulomb repulsion between two electrons constituting a pair. The failure of the 'bosonic' picture of individual electron pairs became fully transparent when Bardeen, Cooper and Schrieffer [4] proposed that two electrons in a superconductor were indeed correlated, but on a very large distance of about 10 3 times of the average inter-electron spacing.
Highly successful for low-Tc metals and alloys the BCS theory has led many researchers to believe that novel high-temperature superconductors should also be "BCS-like". However, the Ogg-Schafroth and the BCS descriptions are actually two opposite extremes of the same electron-phonon interaction. Indeed by extending the BCS theory towards the strong interaction between electrons and ion vibrations, a charged Bose gas (CBG) of tightly bound electron pairs surrounded by lattice deformations (i.e. of small bipolarons) was predicted by us [5] with a further prediction that high T c should exist in the crossover region of the electron-lattice interaction strength from the BCS-like to bipolaronic superconductivity [6] . Experimental evidence for an exceptionally strong electron-phonon interaction in novel superconductors [7, 8, 9, 10] is so overwhelming that bipolaronic CBG [11] could be a feasible alternative to BCS-like scenarios of cuprates. Nevertheless, some authors [12] have dismissed any real-space pairing, advocating a collective pairing (i.e Cooper pairs in the momentum space) at some high temperature T * which are phase coherent below a lower temperature T c < T * . Ref. [12] has argued that the superconducting transition in cuprates is an almost two-dimensional Kosterlitz-Thouless (KT) transition, where a vortex liquid exists above T c different from the BCS theory and its strong-coupling bipolaronic extension with a perfectly "normal" state without any off-diagonal order. Its critical behavior [11] is rather different from any "universal" criticality like mean-field BCS [4] , 3D "XY" or KT [12] transitions.
Here I show that high-resolution magnetometery in the critical and normal regions provides unambiguous evidence for real-space pairing in cuprates.
A number of experiments (see, for example, [13, 14, 15, 16, 17, 18] and references therein), with the conventional logarithmic field dependence [18] , one obtains surprisingly high upper critical fields H c2 > 120 Tesla and a very large Ginzburg-Landau parameter, κ = λ H /ξ > 450 even at temperatures close to T c . The in-plane low-temperature magnetic field penetration depth is λ H ≈ 220 nm in optimally doped Bi-2212 (see, for example [23] ). Hence the zero temperature coherence length ξ turns out to be about the lattice constant, ξ 0.5nm.
Such a small coherence length is perfectly compatible with direct STM measurements of the individual vortex cores in Bi-2212 [19] and with the size of the vortex core in CBG [11] .
However it rules out the "preformed Cooper pairs" [12] , since the pairs are virtually not overlapped at any size of the Fermi surface.
Here I calculate the magnetization, M(T, B), of anisotropic CBG on a lattice, and compare the result with diamagnetism of cuprates recently measured in Ref. [18] . A low-energy structure of cuprates in the bipolaron model is shown in Fig.1 , where oxygen holes are bound into real-space intersite singlets (A) and triplets (B) separated by an exchange energy J [20] , which is estimated as a few tens or hundreds Kelvin depending on doping in agreement with experimental charge and spin pseudogaps in cuprates [21] . Bipolarons are almost ideal charged bosons, because their Coulomb repulsion is strongly suppressed by a large lattice dielectric constant. When the magnetic field is applied perpendicular to copper-oxygen plains the quasi-2D bipolaron energy spectrum is quantized as
where α comprises n = 0, 1, 2, ... and in-plane K x and out-of-plane K z center-of-mass quasimomenta, ω = 2 eB/ √ m x m y , t c and d are the hopping integral and the lattice period perpendicular to the planes. The spectrum consists of two degenerate brunches, the socalled "x" and "y" bipolarons [11] , with anisotropic in-plane bipolaron masses m x ≡ m and m y ≈ 4m. Expanding the Bose-Einstein distribution function in powers of exp
with the negative chemical potential µ one can after summation over n readily obtain the boson density
and the magnetization,
, The critical region τ = T /T c − 1 ≪ 1 requires numerical calculations, which have been done [22] for an anisotropic 3D CBG with t c k B T c /2 and I 0 (x) ≈ e x / √ 2πx in Eqs. (2,3) .
Notwithstanding, one can nicely map the exact results, Fig.2 , with a simple analytical expression by replacing summation over all but the first Landau level for integration,
Remarkably Eq. (4) Comparing with experimental data one has to take into account a temperature and field depletion of singlets due to their thermal excitations into spin-split triplets and single polaron states, Fig.1B . If the spin gap is small compared with the charge pseudogap, J < ∆/2, triplets mainly contribute to temperature and field dependencies of the singlet bipolaron density near T c ,
where α = 3(2n c t) from KT and other "universal" critical exponents, but it is very close to the experimental Another strong argument in favor of 3D BEC in cuprates has been drawn using parameterfree fitting of experimental T c with BEC T c in more than 30 underdoped, optimally and overdoped samples [24] . Whereas the KT critical temperature expressed through the inplane penetration depth [12, 25] [26] , has been explained as perfectly normal state phenomenon owing to a partial localization of charge carriers in a random potential inevitable in cuprates [27] . CBG upper critical field and the specific heat in the magnetic field have been found in striking consensus with experimental data [28] following our prediction [29] . More recently the dwave symmetry and real-space modulations of the order parameter have been also explained with CBG in underdoped [11] and overdoped [30] cuprates.
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